
American Mineralogist, Volume 91, pages 1747�1760, 2006

0003-004X/06/1112�1747$05.00/DOI: 10.2138/am.2006.2105      1747 

INTRODUCTION

Olivine is a major constituent mineral of Earth�s upper mantle 
and oceanic crust and is thus of great geological and geophysical 
signiÞ cance. To comprehend thermal regimes in Earth�s upper 
mantle and their evolution with time, it is essential to understand 
olivine�s heat transfer properties. For example, variable thermal 
properties inß uence the temperature distribution in subducting 
slabs, which in turn can affect the stability of olivine near the 
transition zone and occurrence of deep earthquakes (Hauck et al. 
1999; Branlund et al. 2000). Also, thermal properties of olivine 
inß uence the temperature distribution in the upper mantle and 
its convection patterns (Dubuffet et al. 1999, 2000; Honda and 
Yuen 2001; Van den Berg et al. 2002).

Numerous studies of heat transfer by phonons (lattice dif-
fusivity or conductivity) in mantle olivine exist (e.g., Katsura 
1995; Osako et al. 2004; Xu et al. 2004), but nevertheless, 
signiÞ cant discrepancies remain with respect to the temperature 
dependence (Hofmeister 1999) and absolute values of thermal 
diffusivity (D) for mantle minerals (Gibert et al. 2003a). Earlier 
thermal diffusivity measurements of olivine (e.g., Kanamori et 
al. 1968; Kobayashi 1974; Gibert et al. 2003a) showed a strong 
correlation of D with crystal orientation and chemistry, but 
disagreements occur even between the room-temperature mea-

surements (e.g., see Gibert et al. 2003a), and disparities increase 
with temperature. Many of the previous studies were limited to 
olivine compositions near Fo90 [forsterite content, molecular 
Mg/(Mg + Fe)·100].

Questions regarding transport of phonons in olivines largely 
stem from simultaneous movement of heat in the experiments by 
photons; radiative transfer (Drad) is difÞ cult to comprehend be-
cause it consists of two different processes and is also frequency 
dependent. The diffusive type of radiative transfer is calculated 
using spectroscopic measurements under various assumptions 
(Shankland et al. 1979; Hofmeister 1999, 2005). Purely diffusive 
radiative transfer occurs in the mantle due to the short distances 
(cm) that light is extinguished by scattering and absorption 
compared to the long distances over which temperature is nearly 
constant (km). Radiative transfer in experiments contains a direct 
component (also known as boundary-to-boundary or ballistic 
radiative transfer) as even centimeter-sized samples allow some 
frequencies of light to cross the entire sample without being 
signiÞ cantly attenuated. That two different processes operate 
in the Earth and in the laboratory should be obvious from the 
temperature gradients, which exceed 1 K/mm = 106 K/km in the 
laboratory but are merely 10 K/km in mantle boundary layers. 
Gibert et al. (2005) and Höfer and Schilling (2002) assumed that 
both types of radiative transport (boundary-to-boundary and dif-
fusive) exist in experiments. The results of Gibert et al. (2005) 
for D of the lattice component (Dlat) of olivine depend on each of 
the approximations used to evaluate these two distinct types of 
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ABSTRACT

Thermal diffusivity (D) data from 12 oriented single crystals and seven polycrystalline samples of 
olivine group minerals were acquired with the laser-ß ash method at temperatures (T) of up to ~1500 
°C. Samples included forsterite, Fe-Mg binary olivines, sinhalite, and chrysoberyl; specimens were 
characterized using infrared spectroscopy and electron microprobe analysis. Crystal orientation and 
chemistry both affect D. For our single crystals, D[100] > D[001] > D[010] at all temperatures. Thermal 
diffusivity decreases with increasing T and becomes virtually constant at high temperatures. At room 
temperature, D[001] of pure forsterite has the highest observed values, but substitution of a small amount 
of Co in forsterite (0.3 wt% CoO) lowers D by ~20%. Substitution of ~10% Fe for Mg in forsterite, 
as in typical mantle olivine, lowers D by ~50%. At room temperature, mantle olivine has D = 3.25, 
1.66, and 2.59 mm2/s for the [100], [010], and [001] orientations, respectively. The values decrease to 
0.93�0.87 mm2/s at 790�985 °C for [100], 0.54�51 mm2/s at 590�740 °C for [010] and 0.83�0.79 mm2/s 
at 740�890 °C for [001]. Two dunite samples have D of 0.55�0.56 mm2/s at 890�1080 °C, showing 
the effect of preferred orientation of grains dominated by [010]. Thermal diffusivity of polycrystalline 
samples is controlled by the large amounts of olivine present; minor phases offset the curves for D(T) 
from the value of the olivine mineral. Our laser-ß ash measurements isolate the phonon component of 
heat transfer from radiative transfer and show that the phonon contribution becomes nearly constant 
for the high temperatures expected in the mantle. The other microscopic component (diffusive radia-
tive transfer) depends strongly on temperature and this temperature dependence likely exerts greater 
control on mantle convection.
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